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@) Optical beam expander. 



@ A tieam expander suitat^le for use with laser 
machining apparatus oompilses a convex par- 
abdoidal aurfeoe 7 and a concave paratioloidal 
suifBce 8 fonmed finom a aingle metal element 
10. The expander has an opUonal zoom fecflify 
provided by a plane minor 12, nKyveable along 
an input-^Mitput axis, for altering the position of 
an incident beam on the oonvax aurfece 7 
theretiy altering the magntflcation of the ays- 
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This Invention relates to a beam expander com- 
prising two substantially confbcal, geneially oonic re- 
flective surfaces for use for examine to expand a las- 
er besm for la^ machinery. 

EP-A-098,193 discloses a beam expander which s 
indudea two, separate confbcal minore, a first minor 
being convex and a second one being concave. 
These mirrors may be aspheres or other conic sec- 
tions. The magnification of the beam expander dis- 
closed therein however, cannot be varied. I.e. there is 10 
no zoom capability. 

A catoptric system having a zoom capability is 
disclosed in US 4812030. This Cassegrain arrange- 
ment achieves a variable magnification by moving the 
powered reflectors with respect to one another. is 

it la one object of this Invention to provide a laser 
beam expander which can be machined from a singie 
elenDonL 

It is a further object of this invention to provide a 
laser beam expander in which a variable magnif ica- 20 
tion (or zoom facility) can be provided by a means 
which does not require movement of any powered 
optical element 

In this specification the term conic is used to de- 
note those curves forming conic actions and the sur- 2S 
faces of revolution thereof, including convex and con- 
cave parabdae and convex and concave eliipses, as 
well as tCMic developments of such surfaces, and por- 
tions thereof. 

According to one aspect of this invention, there is 30 
provided an optical beam expander, comprising a first 
reflective surface of conic profile for receiving an opt- 
ical beam and for ref iecting it onto a confocal second, 
reflective surface of conic profile thence to reflect It 
onwards, in which one reflective surface is convex 38 
and the other is concave, and characterised in that 
said f iret and second reflective surfaces are formed 
on a single element 

According to a further aspect of the invention 
there is provided an optical beam expander compris- 40 
ing a first reflective surface of conic prof lie for recelv-. 
ing an optical beam and reflecting it towards a confo- 
cal, second reflective surface of conic profile thence 
to reflect it onwards, characterised In that said system 
further comprises variable magnification nneans for 4S 
adjusting the position of the received optical beam on 
the first reflective surface, thereby to adjust the mag- 
nification of said expander. 

The variable magnification means may comprise 
a moveable plane mirror, fdr example, and the ref leo- so 
tive surfacee may be either separata elements or may 
be formed on one single element 

Using this invention, beam expanders can be de- 
signed which are monolithic, machined from a single 
piece of metal, giving great advantages in stability of ss 
beam direction, in stability of oolilmation, and in hav- 
ing good heat sinking capabilities. 

Known optical systems which change the focal 



length or magnification as the result of dioptric lenses 
or mirrore (or both) moving relative to each other have 
some disadvantages. For example, it is only possible 
to achieve true zoom stability of aberrations for a llrrh 
ited number of points during the zoom process; that 
is, at a set of specific magnif Icatlone. At other mag- 
nifications there is a small increase or instability of 
aberration. This invention considerat)ly reduces this 
difficulty. 

Some embodiments c/f the invention will now be 
described by way of example only, reference being 
made to the accompanying drawings, in which:- 
Figure 1 is a schematic diagram of optical appa- 
ratus illustrating a first embodiment of this Inven- 
tion; 

Figure 2 is a schematic diagram of optical appa- 
ratus inustrating a second embodiment of this in- 
vention, which provides a zoom facility; 
Figure 3 is a schematic diagram showing a trans- 
verse cross-section of a third embodiment of this 
invention, including two toric parabolic reflectore; 
F^ure 4 is a schematic diagram of a fourth env 
bodiment of this invention, including a concave 
ellipsoidal reflector and a convex paraboloidai re- 
flector; 

Figures is a schematic diagram of afifth embodi- 
ment of this invention, including a concave para- 
boloidai reflector and a convex ellipsoidal reflec- 
tor, and 

Figure 6 Is a schematic diagram of a sbcth err>- 

bodiment of this invention. Including a convex 

and a concave ellipsoidal reflector. 

In Figure 1 a convex paraboloidai reflector 1 and 
a concave paraboloidai ref lector2 have a common fo- 
cal point 3. An input beam 4 travelling In a direction 
parallel to the axis of symmetry 'A' of the apparatus, 
is reflected firatly off the convex reflector 1 and 
thence off the concave reflector 2 to emerge as an ex- 
panded, odtimated beam 5. The emerging beam 5 
travels parallel to the Input beam 4, but in the opposite 
direction, it will be noted from inepectlon of Figure 1 
that the optical path through the apparatus does not 
pass through the focal point 3. 

Although the input beam 4 is corrected for cdli- 
mation, the system of figure 1 suffere from a large of- 
fence again Sine Condition, and this feature Is used 
for advantage in the variable magnlficatton expander 
to be described below. 

A beam expander of the type illustrated in Figure 
1 can be fatMlcated from a single metal element by di- 
amond turning technlquea, and would consists of Just 
those regions of the paratx>loidal surfaces which are 
required to reflect the beam viz. those regions desig- 
nated 1A and 2A in Figura 1. 

Detailed examination of the region of the inter- 
aection 6 of the convex reflector 1 and the concave 
reflector 2 of Figure 1 shows that very dose to the in- 
tereectlon 6, incidence beams exit with substantially 
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the same diameter as when they entered. The further, 
away from the interaction 6 the rays enter, the great- 
er is the ratio t)etween their spacing in entrance and 
exit apertures. While the expansion ratio changes 
across the surface, the rate of change can t>e ar- 5 
ranged Id be suff Idently small as not to affect the light 
distrftHition of the t>eam. 

It has been noted that the beam expander of Fig- 
ure 1 suffers from controlled amounts of Offence 
against Sine-Condition. This means that if the input io 
beam is moved across the input surfeoe, while re- 
maining parallel to the axis of rotational symmetry, 
the output beam will alter in diameter to provide a 
zoom system. In contrast to Icnown systems, the ad- 
vantage is that this is true for all input positions. is 

Refeirfng then to Rgure 2 this embodiment com- 
prises a convex paFat)oioIdal surface 7 and a confocal 
concave parat>oioidai surface 8 Joined to the convex 
surface by an intsnmediate section 9. The two surfac- 
es and the intemiediate section are formed from one .. 20 
piece of meal 10 by, for example, a single diamond 
point turning lathe. This provides a monolithic struc- 
ture making it easier to achieve uniformity of align- 
ment and focusing in the presence of thermal expan- 
sion. The intermediate section 9 provides a locally 25 
thickened sectton which provMes enhanced heat 
transfer between the refiec^ing surfaces 7 and 8. 

An incoming beam directed along an Input path 
11 ts deflected by a f Iret plane minror 12 to be Incident 
on the convex paraboioidal surface 7 at a selected 30 
position thereon and in a directton parallel to the exis 
of rotational symmetry if the apparatus. The beam is 
reflected onto the second, concave surfece 8 and 
thence onto a second plane mirror 1 3 to exit ak>ng a 
path 14 coliinear with the input path 11 and an in- 35 
put/output axle 15. 

The plane mirrore 12, 13 are mounted for move- 
ment towards and away from each other along the in- 
put / output axis 15, by suitable mechanical or eleo- 

tromechanicai arrangemente (not ehown) to adjust 40 
the poslttonoflncMenoe of the input beam on the con- 
vex paraboioidal mirror 7 and to pick up the beam re- 
flected <rff the concave paraboioidal mirror 8. In the 
position shown in figure 2, approximately x4 magnk 
f icatton is provided. The magnlf icatton factor reduces 45 
to about 1.5x as the piano mirrors 12, 13 move to- 
wards each other. The upper value of the magnif ica- 
tk>n is limited only by the size of the machines on 
which such components are nrade. The lower limit is 
set by an artM'trary need to prevent the input and out- 50 
putfolding mirrore clashing attheir point of closest ap- 
proach (nearxl). 

The arrangements described above have several 
advantages. Both dioptric surfaces face in the same 
dirsctk>n and are concentric with the aame optical 55 
axl& Thus they can be manufactuiBd at the aame 
time and this permita greater accuracy of alignment 
of the two eurfacee relative to each other. Accuracy 



of alignment e important for achieving perfect perfor- 
mance. A monolithic structure means that subse- 
quent motbn of the two relative to each other is neg- 
ligible, creating iniproved long term stability. 

Particularly in the case of the variable n^gntf ica- 
tion expander of Rgure 2, since ttie system returns 
the beam paraOel to ite input directton. only two plane 
mirrore are required, in a particularly compact ar- 
rangement, to achieve co-linearity of input and exit 
beams. The arrangement allows the design of com- 
pact zoom systems %vtth very few components, and 
good on-axis correction with correction at ail magni- 
ficatbns, thus rssulting In Improved performance, 
lower cost and smaller size. FurthernKm, the system 
produces much simpler zoom configurations. Many 
known zoom oonf Iguratlone reqube lenses instead of 
mirrcHB. and these result In much higher costs and 
also much lower power handling capabilities. 

Figures 3-6 inclusive show further variants of a 
beam expander in accordance with the invention. 

In figure 3, a concave toric paraboloid reflector 16 
and a convex toric parabotoki reflector 17 are ar- 
ranged with their respective circular loci of focus 18 
co-linear with each other and their toric generatrices. 
A collimated beam is Incident on the convex surface 
17 and reflected on to the concave surface 16 
whence it is re-colllmated and reflected in a direction 
opposite and parallel to the direction of the incoming 
beam. In this arrangement, the curvature In both sa- 
gittal and tangential eections may be different, to al- 
low different magnification in each sectton, thereby 
anamorphosing the aperture. 

The embodiments of Rgures 4 and 5 provkie sys- 
tems which transform a collimated input Into a fo- 
cused output Thus in Figure 4, a concave ellipsoklal 
surface 19 end a convex paratxslokl surface 20 are 
arranged so that the focus of the convex surface 20 
is co-inckient with one of the foci of the concave sur- 
face ig. Collintated incoming rays are reflected diver- 
gently by the convex eurface 20 and are focused by 
the concave ellipsoidal surtee 19 onto the non-com- 
mon focus of the ellipsoid 19. The divergence 0 of the 
output rays is proporttonal to the offset D of the input 
beam from the optical axis A. 

In Figure 5, a concave paraboiokJ surface 21 and 
a convex eDipsoMal surface 22 are arranged so that 
the focus of the concave surface 21 is co-incident 
with one of the foci of the convex surface 22. Inconv 
ing collimated rays are this time reflected from the 
concave surface 21 onto the convex eurface 22 to 
emerge as a diverging beara Again the offset D of the 
incoming rays from the optical axis A, is related to the 
divergence 9. 

In Figure 6, a concave ellipsokial surface 23 has 
one focus co-incident with one of the fod of a convex 
ellipsoklal aurfaoe 24. Incoming rays at an angle e to 
the optical axle A and converging through a fbcus of 
the concave eurface 23 are reflected from the oon- 
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cava and convex 8urfec88 to emerge with an angle of 
divergence v proportional to 0. 



Claims 

1. An optical beam expander comprising a first re- 
flective surfeoe of conic profile (1) for receMng 
an optical beam (4) and reflectoig it onto a sec- 
ond confocal reflective surface of conic profile (2) 
thence to reflect it onwards, in which one reflec- 
tive surface is convex and the other is concave, 
andcharactsrlsed In that said first and second re- 
flective surfaces (1) (2) are fonrned on a single 
element 
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9. A beam expander according to any of daims 1 to 
5 in which one of said first and second reflective 
surfaces is paratraloidal (20) and the other there- 
of Is ellipsoidal (19). 

19. A beam expander according to any of daims 1 to 
5 in which each of said reflecthre surfaces (23), 
(24) is ellipsoidal. 



2. An optical beam expander comprising a first re- 
flective surface of conic profile (7) for receiving 
an optical beam and reflecting It towards a con- 
focal 8econdrsflectivesurfaceofconicproflie(8) 20 . 
thence to reflect It onwards, In which one reflec- 
tive surface la convex and the other Is concave, 
and characterised in that said systsm further 
comprises variable magnification means for ad- 
Justing the position the received optical beam on 2S 
the first reflective surface (7) thereby to adjust 
the magnification of said expander. 



3. An optical beam expander according to daim 2 in 
which both reflective surfaces (7,8) are formed so 
on a single element (10). 



4. An optical beam expander according to either of 
daims 1 or 3 In which an intermediate regbn of 
said single element (10) between said firet (7) 35 
and second (8) reflective surfaces is of increased 
cross-sectional area to enhance heat transfar 
through said element 

5. An optical beam expander according to any of 40 
daims 2 to 4 In which the variable magnification 
means comprises a moveable plane mirror (12). 

6. A beam expander according to any preceding 
daim In %vhich the first reflective surface Is a con- 45 
vex paraboloidal surface (7) and the second re- 
flective surface is a concave paraboloidal sur- 
fece (8). 



7. A beam expander according to any of daims 1 to 50 
5 in which the first raflective surface (1 7) is a con- 
vex toric paraboloid and the ssoond (1 8) is a con- 
cerrtrte concave toric paraboloid. 

8. A beam expander according to daim 7 in which S5 
the curvatures of saU reflective surfaces (16, 17) 

in the tangential and sagittal sections differ, 
thereby providing diffsrsnt magnifications. 



4 



EP0648 042A2 




Fig.l. 




Fig.2. 
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